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Abstract: The demolition of buildings, apart from being energy intensive and disruptive, inevitably 
produces construction and demolition waste (C&Dw). Unfortunately, even today, the majority of 
this waste ends up underexploited and not considered as valuable resources to be re-circulated into 
a closed/open loop process under the umbrella of circular economy (CE). Considering the amount 
of virgin aggregates needed in civil engineering applications, C&Dw can act as sustainable catalyst 
towards the preservation of natural resources and the shift towards a CE. This study completes 
current research by presenting a life cycle inventory compilation and life cycle assessment case 
study of two buildings in France. The quantification of the end-of-life environmental impacts of the 
two buildings and subsequently the environmental impacts of recycled aggregates production from 
C&Dw was realized using the framework of life cycle assessment (LCA). The results indicate that 
the transport of waste, its treatment, and especially asbestos’ treatment are the most impactful 
phases. For example, in the case study of the first building, transport and treatment of waste reached 
35% of the total impact for global warming. Careful, proactive, and strategic treatment, geolocation, 
and transport planning is recommended for the involved stakeholders and decision makers in order 
to ensure minimal sustainability implications during the implementation of CE approaches for 
C&Dw. 
Keywords: construction and demolition waste; life cycle assessment; circular economy; recycling; 
recycled aggregates; end of life; gate-to-grave 
 
1. Introduction 
During the latest years, a trend towards the development and implementation of de-
cision-making support tools and guidelines in the sector of solid waste management has 
been detectable under the umbrella of the European Parliament’s directive on waste and 
the European Commission’s Circular Economy Action Plan [1–5]. They vary from Euro-
pean directives and recommendations to scientific publications [6,7]. This can be observed 
in local, regional, and ultimately in national levels and varying magnitudes. In an inter-
national level, a general hierarchical order—defined as waste hierarchy- is followed in 
order to define alternative waste management processes. They can vary between preven-
tion, preparing for re-use, recycling, and other types of waste recovery and disposal. The 
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European Directive 2008/98/EC 2008 on waste has also been a steppingstone towards this 
direction [5,8,9]. However, having established the aforementioned order of priorities via 
the published decisions of the European Commission, a further issue arises. The directives 
cannot fully ensure that the environmental impacts of the solid waste management will 
be brought down to a minimum and cannot strictly provide an optimal guideline on the 
possible combination of management alternatives to also ensure the minimization of its 
environmental impacts [5]. For this very reason, the European Commission issued the Eu-
ropean Commission Communication (COM 666 2005) that supports the implementation 
of the life cycle assessment framework and methodology along with the waste hierarchy 
[5,10,11]. It is consolidated by the European Commission communication (COM (2020) 
652) [12] for the 8th Environmental Action program where a major objective is living 
“within the planet’s ecological limits. […] circular economy where nothing is wasted and 
natural resources are managed sustainably” [12] (p. 22). This communication follows the 
European Green Deal (COM (2019) 640) [13]. Moreover, the European commission re-
cently adopted the Circular Economy Action Plan for a Clean and Competitive Europe 
(COM (2020) 98) [12] (p. 1), [14]. Now, it is widely acknowledged that the construction 
industry can play an essential role for every society. However, within the term “construc-
tion industry”, the aspect of waste production through the construction, demolition, and 
renovation of buildings is profoundly established. The processes of urban expansion or 
connection between cities demand the construction of buildings, residences, paving and 
urban maintenance, roads, and train lines, among others. The execution of engineering 
works requires the use of natural resources, such as coarse aggregates [5]. French aggre-
gate production accounted for an average of 367 Mt/year from 2010 to 2017 while in 2018, 
a significant spike can be detected, where 429 Mt of aggregates were produced, compared 
to the 331 Mt that were produced in 2016 [15]. This undoubtedly proves that large 
amounts of resources are being extracted and exploited to comply with the needs of the 
construction industry. Furthermore, severe environmental impacts are also occurring dur-
ing the whole process of extracting resources and producing aggregates, either virgin or 
recycled aggregates originating from the construction, demolition, or renovation of build-
ings. 
A standardized and well-established methodology that can support the decision-
making processes and assessment of the environmental viability of virgin and/or recycled 
aggregates for this sector is the life cycle assessment (LCA) [7,11,16–18]. There are already 
existing records of the application of LCA methodology within the international literature 
when it comes to the environmental impact assessment of the construction and demolition 
waste management chain [19–21]. There are studies that utilize the LCA methodology and 
framework in order to analyze alternative end of life strategies and/or scenarios of the 
buildings [18]. Other studies report the environmental impacts and the waste produced 
via alternative scenarios for the construction of new buildings [22], while both primary 
and secondary data from varying databases were used [23,24]. Moreover, the reuse and/or 
recycling of reclaimed materials such as the construction and demolition waste has also, 
lately, been gaining momentum in the road engineering industry [25,26]. The process of 
utilizing reclaimed materials that otherwise could be perceived as waste in the road engi-
neering industry is a commonly applied approach, especially when it comes to reclaimed 
asphalt. It is a process that is aligned with the principles of circular economy (CE) and can 
have significant potential economic and environmental benefits [4,27–29]. CE is an eco-
nomic approach that can allow the replacement of “end of life” with an approach that can 
offer the recovery, reuse, recycling, or even the upcycling of reclaimed materials, which, 
according to the well-established linear economic approach would be considered waste. 
This approach can lead to reduced overall waste produced and discarded during resource 
extraction and processing, manufacturing and/or production of materials, and end of life 
[30,31]. Researchers, however, suggest that when a circular approach is to be adopted, a 
quantitative analysis of its environmental impacts should be performed in order to ensure 
that this approach, apart from being circular, is also environmentally viable. 
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2. Scope and Objectives 
Despite the above, there is a lack of studies dedicated to the quantitative environ-
mental assessment of recycled aggregates production from construction and demolition 
waste with averagely small nominal size grain. This study focuses on compiling a life cy-
cle inventory along with a data collection methodology, predominantly constituted by 
primary data that have been collected on two different sites. This is a case study that has 
been structured and undertaken in a French context. The first site is a demolition site in 
the south of France (Building A) and the second in the northwest of France (Building B). 
Both demolished buildings were residential ones. The objectives of this study are: 
 The development of a composite life cycle inventory of primary and secondary data 
for the demolition of these two buildings. 
 The quantification of the potential environmental impacts originating from their end 
of life. 
 The quantification of the potential environmental impacts originating from the pro-
duction of recycled aggregates when using construction and demolition waste as a 
resource. 
 The comparison of the environmental impacts due to the production of virgin aggre-
gates with those due to the production of recycled aggregates through the treatment 
of construction and demolition wastes. 
More analytically, the process followed for the study along with the objectives can be 
seen in Figure 1. 
 
Figure 1. Flowchart with the processes followed for the completion of the study. 
3. Methods 
To conduct this life cycle assessment (LCA) study, the freeware used was the 
OpenLCA v.1.10 developed in 2006 by GreenDelta. For the flows and processes, Ecoin-
vent® database version 3.5 was used. It is an international Swiss database, one of the most 
used in Europe. The impact method from the standard EN 15804 + A1 was used. This 
impact method includes impact indicators and flows indicators. No cut=off rule was used. 
Nevertheless, some consumables were not modeled due to some lack of data. All elements 
taken into account can be found in the system boundaries in Section 4.2.3. 
3.1. Life Cycle Assessment 
Life cycle assessment (LCA) is a widely utilized tool, able to quantify the environ-
mental impacts of a product, service, or process during its life cycle [27,29,32–34]. It is 
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ranking between different designs, processes, or even alternative process scenarios. It is a 
framework that has been standardized with ISO standards ISO 14040 and ISO 14044 [7,16] 
with specific standards dedicated to buildings with EN 15804 and EN 15643-2 [35,36]. In 
this study, the approach adopted for the LCA exercise included the end of life of two 
buildings, their deconstruction, the transportation of the materials that were acquired 
through it, the treatment of the different construction and demolition waste produced, its 
disposal and/or recycling, and the production of recycled aggregates. 
3.2. Life Cycle Impact Assessment Methodology 
The standard NF EN 15804 + A1 is composed of nine impact indicators listed below: 
 Acidification of soil and water (kg SO2 eq.), 
 Ozone depletion (kg CFC-11 eq.), 
 Eutrophication (kg PO43− eq.), 
 Photochemical ozone creation (kg ethylene eq.), 
 Air pollution (m3), 
 Water pollution (m3), 
 Global warming (kg CO2 eq.), 
 Depletion of abiotic resources (fossil) (MJ, net calorific value), and 
 Depletion of abiotic resources (elements) (kg Sb eq.). 
Midpoint impact indicators were calculated according to the equivalence method. 
This consists in converting impacting substances flows to a reference that is substance-
specific to each indicator. 
Seventeen flows indicators complete impact indicators. For the conciseness of the 
study, six of them were selected: 
 Consumption of renewable energy resources (MJ), 
 Consumption of non-renewable energy resources (MJ), 
 Radioactive waste (kg), 
 Hazardous waste (kg), 
 Non-hazardous waste (kg), and 
 Fresh water (m3). 
The compatibility with the software OpenLCA was established by Tiffany Desbois 
(Method created by Tiffany Desbois—Cerema/DTerOuest/Laboratoire of Saint-Brieuc, 
September 2016 for impacts categories and January 2017 for flows indicators. Details are 
mentioned in the Cerema report in French entitled “Environmental assessment method 
under OpenLCA according to the NF standard EN 15804 + A1 and the complementary 
standard NF EN 15804/CN”, dated 4 December 2017). 
3.3. Data Collection 
All data were collected from in-situ measurements, staff interviews, and reports of a 
“data collection form” completed by companies in charge of demolitions. Data collected 
were reported on internal documents from Cerema (the center for studies and expertise 
on risks, the environment, mobility, and planning, a French public establishment under 
the supervision of the Ministry of Ecological and Inclusive Transition and the Ministry of 
Territorial Cohesion). Data collected were verified and validated by companies involved 
in all stages as well as by Cerema’s expert [37,38]. Therefore, these data are considered 
reliable and precise. Data are specific to each demolition work. An example of the collec-
tion data document is presented in Appendix A. 
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4. Case Study and Results 
4.1. Definition of the Case Study 
Two demolition sites were selected because of the amount of data collected for the 
completion of the life cycle assessment exercise. The buildings demolished were both res-
idential buildings located in France. In order to simplify the denomination of these dem-
olition sites (and buildings), the first will be hereon called “A” and the second one “B”. 
4.1.1. Demolition Site of Building A 
The first building was located on a future multimodal hub which will serve as an 
exhibition center. Consequently, access was easy because large roads and parking lots al-
low for an acceptable machinery transport and circulation around the building. 
This demolition site included three constructions: the first one was a two-story resi-
dential building of about 10 m by 10 m (Figure 2a,b). The roof was made of tile timber 
frame. The second structure was a house annex of about 5.5 m by 18 m (Figure 2a) with a 
tile timber frame. The total surface of the floor was 300 m2. The last one was a bike shelter, 
which was not included in the life cycle assessment due to its specificity. [37] 
  
(a) (b) 
Figure 2. Building A [38]: (a) house annex, (b) main house. 
The demolition work took place in 2016. The demolition of the finishing work was 
done by hand and the demolishing of structural work was done by an excavator. This 
demolition site produced 388 tons of construction and demolition waste, including 273 
tons of rubble used for the production of recycled aggregates. 
Waste produced during this demolition was asbestos waste, wood, household waste, 
metal, inert material as stone, roof tiles, and structural concrete. For the study, it was con-
sidered that inert waste (rubble including stone, concrete, and brick) was recycled for the 
production of recycled aggregates. 
4.1.2. Demolition Site of Building B 
This second building was located at a suburban area and thus, the access was easy. 
The demolition site consisted of two social-housing buildings (about 5487 m2 of floor area 
and 3 or 4 levels depending on the building) (cf. Figure 3a,b). 




Figure 3. Building B: (a) building bar of four floors, (b) tower block of five floors. 
Both buildings were made from precast concrete elements and had a roof made of 
tile timber frame. The demolition took place in 2017. The total quantity of demolition 
waste produced was 7115 tons such as asbestos waste (such as plinths, floor tiles, glue, 
flange gaskets, and asphalt), wood, inert waste, shear iron and cast iron, and ordinary 
industrial waste. This included 6738 tons (about 95% of the waste amount) of rubble po-
tentially used for the production of recycled aggregates. 
4.2. Quantifying the Environmental Impacts of the Buildings’ Demolition and the Production  
of Recycled and Virgin Aggregates 
Based on the life cycle assessment, this study aimed to quantify and compare the 
environmental impacts of the end-of-life phase of the two buildings. Moreover, the quan-
tification and comparison of the environmental impacts arising from the recycling of the 
acquired wastes for the production of recycled aggregates was the focal point of the study. 
4.2.1. Goal and Scope 
The objectives of this study were twofold. The first objective of the study was the 
quantification of the environmental impacts of the end of life of the two buildings and the 
performance of a hotspot analysis in order to identify which stage in the end-of-life phase 
of the buildings was the most impactful. The second one, by expanding the scale of the 
study, was the quantification of the environmental impacts coming from the production 
of recycled aggregates when end-of-life construction and demolition waste was consid-
ered as a resource. In addition, a sensitivity analysis on the part of end-of-life phase allo-
cated to the production of recycled aggregates was carried out. 
4.2.2. Assumptions Made for the Study 
For this study, no cut-off rules were used. Nevertheless, some consumables were not 
modeled due to a lack of data (cf. Section 4.2.3 about system boundaries). 
For the production of recycled aggregate, it was considered that 1 ton of rubble (inert 
waste to produce recycled aggregates) produces 1 ton of recycled aggregate. This was 
provided from [34] and the FDES (French environmental information module) from the 
UNPG (Union Nationale des Producteurs de Granulats/French National Union of Aggre-
gate Producers) [39] 
The recycling process was common to both building case studies. This process was 
extracted from [40]. The system of this process is presented in Figure 4. Flows are listed in 
Table A1 in Appendix B for 1 kg of inert waste. 
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Figure 4. System of the process sequence followed for the treatment and recycling of construction and demolition wastes 
(after Ben Amor 2017) [40]. 
4.2.3. System Boundaries and Functional Unit 
The system boundaries of this study are represented in Figure 5. This study was 
about the end of life and Module D, i.e., phase C1 to C4, and D according to the standard 
NF EN 15804 + A1. Consequently, the flows taken into account were: 
 Transport and production of materials used on site (embankments), 
 Transport and production of consumables, 
 Transport and production of limited use supplies, 
 Transport on site and consumption of machinery, 
 Transport of staff, 
 Transport and treatment of materials from demolition, 
 Transport of site installation (site life base for workers), 
 Electricity consumption, and 
 Water consumption. 
However, the following flows were not taken into account: 
 Production of limited use supplies and consumables, 
 Construction machinery production, 
 The administrative department, 
 Production of site installation (site life base for workers), and 
 Production of consumables for recycling aggregates process. 
 
Figure 5. System boundaries of the product system under study. 
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For this study, two functional units depending on the scale were studied: 
(1) “to demolish 1 m2 of floor area of an asbestos building” 
(2) “to produce 1 t of aggregate” 
The functional unit (1) was used to analyze results at the scale of the building’s end 
of life. This unit enabled us to study the environmental impacts of the end-of-life phase of 
a building and to compare the two different buildings. Due to the complexity of separat-
ing data from asbestos removal (consumption, transport of staff,…) from other stages, 
data from asbestos were included in our study. The unit “square meter of floor area” is 
the most widely used reference metric for residential buildings. 
The functional unit (2) can provide insights into the impact of the production of re-
cycled aggregates from an asbestos-containing-and-demolished building and allow to 
compare the production of recycled aggregate with the production of virgin aggregates. 
Thus, it highlighted the importance of the end of life of the building in which the aggre-
gate is produced. 
To express results with the functional units, the global impact result for all the sys-
tems (i.e., building’s end of life) was computed and then divided by the floor surface for 
the functional unit (1) and by the quantity of aggregates produced for the functional unit 
(2). Consequently, there is a relationship between the two functional units for the same 
building. The relationship can be found below (Equation (1)): 




X: Studied building 
FU1(X): Value of building X for functional unit (1) 
FU2(X): Value of building X for functional unit (2) 
S(X): Floor surface of building X 
M(X): Mass of aggregate produce by building X 
Nevertheless, the ratio surface over mass varies from one building to another. Hence, 
results of impacts for both buildings were different for the two functional units. 
4.2.4. Data and Life Cycle Inventory 
Life cycle inventory is divided into five categories: 
 Staff transportation, 
 Equipment transportation, 
 Asbestos transport and treatment, 
 Other waste transport and treatment, and 
 Demolition phase. 
The demolition phase included the use of demolition machinery, fluids, electricity, 
consumables, and embankments used during the demolition. Figure 6 sums up the ele-
ments included in each category. As mentioned previously (Section 4.2.2), data were spe-
cific to demolition site except for the treatment of rubble into recycled aggregates. None-
theless, processes were based on Ecoinvent® database and were not necessarily elemen-
tary flows. 
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Figure 6. Diagram presenting elements included in the modeling of a demolition site. 
Before presenting the life cycle inventory of buildings A and B, it should be remem-
bered that the inventory of the process of the treatment into recycled aggregates men-
tioned in Section 4.2.2 [37] is presented in Table A1 of Appendix B. This process was ap-
plied to both buildings. 
4.2.5. Life Cycle inventory of Building A 
The processes and quantities used for the entire building can be found in Appendix 
B, Table A2. To align the life cycle inventory with the functional units, the total building 
inventory was divided by the surface of floor (300 m2) for functional unit 1 or divided by 
quantity of inert waste produced (276 t) for functional unit 2. 
Asbestos waste was transported by trailer over 255 km to be landfilled in a hazardous 
waste plant. The process for the treatment consisted of the transport to a landfill in a Ger-
man old salt mine due to a lack of other data. To transport this waste, trailers of 17 t to 25 
t were used. It was noticed that demolition site A produced 276 t of inert waste. There 
were no consumables and no need of embankments. The use of construction machinery 
included energy for asbestos removal. On the category of equipment transportation, the 
transport of the worker base life installation and the transport of demolition machinery 
were taken into account. As a reminder, depreciation of equipment was not taken into 
account. Data included asbestos removal. For staff transportation, all travels of staff 
(workers and various services, including asbestos removal) were gathered. For this dem-
olition site, three transportation means were used: train, small car, and medium car. 
4.2.6. Life Cycle Inventory of Building B 
For building B, the processes and quantities used can be found in Appendix B, Table 
A3. To compile the life cycle inventory for the functional units, the total building inven-
tory was divided by the surface of floor (5487 m2) for functional unit 1 or divided by quan-
tity of inert waste produced (6738 t) for functional unit 2. Asbestos waste from the build-
ing were transported by semi-trailers over 670 km in order to be vitrified. However, this 
treatment was not considered in the study due to significant lack of data. Asbestos asphalt 
was transported by trailer over 8 km to be landfilled. The process for the treatment was a 
landfill in a German old salt mine as for building A. Regarding the demolition of building 
B, due to lack of precise data, shear iron and cast iron were considered as reinforcement 
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steel. For the specific study, inert waste was recycled. In order to avoid a bias on the dis-
tance between the deconstruction site and the treatment and aggregate production plant, 
an average distance based on the case study of building A was used. It was noticed that 
the demolition site produced 6738 tons of inert waste. It is worth mentioning that the pro-
duction of specific consumables was not taken into account. That was the case for con-
sumables that are not gravel such as wood, saw blade, concrete, air filter, and self-locking 
strap. Nevertheless, their transport (by a minivan considered as a large size passenger car) 
was taken into account. Energy for asbestos removal was included in the use of demolition 
machinery. 
Considering equipment transportation, the transport of the base life for workers and 
the demolition machinery were taken into account. Nonetheless, depreciation was not 
taken into account as for building A. The total mass of the site installation was estimated 
by expert opinion. The transport of the machinery was also estimated and classified into 
three categories: light, medium, or heavy. These data also include asbestos removal. For 
staff transportation as for building A, all in-site movements were considered. Two types 
of data were provided by the demolition company: travel from company staff and travel 
from service providers. There were three types of transportation means: large-sized car, 
small-sized car, and trailer. 
4.2.7. Data Quality Assessment 
All the data required for the study were collected as primary data on site and as sec-
ondary data from official producers of the materials under study, reputable online 
sources, or the literature. Following the recommendations of ISO 14044 [7], information 
about the source and the quality of the data of each stage and material is shown in Table 
1. Moreover, following the EU commissions guidelines [41] about the assessment of the 
data quality, Table 1 was generated. Data were assessed in terms of type and source and 
the quality requirements that were taken under consideration were quality level and rat-
ing, representativeness, completeness, methodological appropriateness and consistency, 
and finally, uncertainty [7,16,41]. In terms of data quality, according to JRC, the data qual-
ity was satisfactory, as the overall score was 2.62, corresponding to data quality levels 
between “good” and “fair”. 
Table 1. Data quality assessment. 
 Data Quality Requirements 
































Reported data and 
ecoinvent® 




Reported data and 
ecoinvent® 




Reported data and 
ecoinvent® 
3 2 3 2 2 1 2.17 
Consumables (gravel) Primary 
Reported data and 
ecoinvent® 
4 4 4 2 3 1 3.00 




Reported data and 
ecoinvent® 
2 3 4 2 2 1 2.33 
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sumption for the treat-
ment 
4 4 4 1 2 4 3.17 
Internal transport (pro-
duction plant)  
Secondary 
Amor Ben Fraj, Ra-
chida Idir 2017, and 
ecoinvent® 




Amor Ben Fraj, Ra-
chida Idir 2017, and 
ecoinvent® 




Amor Ben Fraj, Ra-
chida Idir 2017, and 
ecoinvent® 
1 4 4 3 1 3 2.67 
Electricity consumption 
(production plant)  
Secondary 
Amor Ben Fraj, Ra-
chida Idir 2017, and 
ecoinvent® 
3 2 3 3 1 3 2.50 
TOTAL AVERAGE  2.62 
Technological: specific technology or technology mix; geographical: geographical area from which data for unit processes 
should be collected to satisfy the goal of the study; time-related: age of data and the minimum length of time over which 
data should be collected; completeness: percentage of flow that is measured or estimated; methodological appropriate-
ness and consistency: qualitative assessment of whether the study methodology is applied uniformly to the various com-
ponents of the analysis; parameter uncertainty: uncertainty of the information (e.g., data, models, and assumptions). Scor-
ing: 1 = very good, 2 = good, 3 = fair, 4 = poor, 5 = very poor. 
4.3. Results Obtained and Discussion 
Results will be presented under a two-scale approach: the building’s end of life and 
the production of recycled aggregates. First, the results for environment impact indicators 
are presented and then those for the flow indicators. 
4.3.1. Scale of the Demolition Site 
For the building’s end-of-life scale, the reference was the functional unit of 1 m2 of 
demolished building containing asbestos waste. Table 2 presents values for the impact 
category indicators of the building’s end of life. Figure 7 shows the distribution of the 
relative impacts according to the different categories detailed previously in Section 4.2.4. 
Table 2. Values of the environmental impact category indicators for the end of life of buildings A and B. 
Impact Category Reference Unit Building A (for 1 m2)  Building B (for 1 m2) 
Acidification of soil and water kg SO2 eq 2.24 × 10−1 1.24 × 10−1 
Ozone depletion kg CFC-11 eq. 7.28 × 10−6 3.25 × 10−6 
Eutrophication kg PO43− eq. 4.28 × 10−2 2.25 × 10−2 
Photochemical ozone creation kg ethylene eq. 1.13 × 10−2 7.61 × 10−3 
Air pollution m3 1.96 × 102 1.07 × 102 
Water pollution m3 2.75 × 104 1.24 × 104 
Global warming kg CO2 eq. 4.22 × 101 2.31 × 101 
Depletion of abiotic resources (fossil) MJ, net calorific value 6.59 × 102 3.44 × 102 
Depletion of abiotic resources (elements) kg Sb eq. 3.38 × 10−9 8.91 × 10−9 
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Figure 7. Relative impacts and distribution among categories of building A and B for the different impact indicators. 
In Table 2, impacts of the two case studies are very different. Demolition site A ap-
pears to be almost twice impactful as demolition site B. Figure 7 confirms this observation. 
All impact indicators for building B were indeed between 43% and 49% of those of build-
ing A, except for the “depletion of abiotic resources (elements)” where the situation was 
reversed. However, it was due to the embankments added on demolition site B (and not 
A). Its impact for this indicator was indeed 3.94 × 10−5 kg Sb eq. for the entire site, so it 
corresponds to 80% of the total “depletion of abiotic resources (elements)” impact (4.89 × 
10−55 kg Sb eq. for the total impact of the demolition site). 
Moreover, Figure 7 shows that all the building’s end of life categories had a signifi-
cant overall impact for each impact indicator. Nonetheless, three categories were predom-
inant: asbestos removal (asbestos transport and treatment) up to 38% for building A and 
photochemical ozone creation; other waste treatment and transport (structural work and 
finishing work) up to 26% for building A and ozone depletion; and demolition site phase 
up to 58% for building A and eutrophication. Equipment and staff transportation were 
very low for building B, which could be explained by a scale economy due to the much 
larger floor area and compactness of building B. Impact distribution for categories were 
similar between buildings A and B. For example, for global warming, in both case studies’ 
“demolition site phase” impact (36% for A, 27% for B) was higher than “asbestos transport 
and treatment” (18% and 13%) or “other waste transport and treatment” impact (19% and 
12%) and those were higher than “staff transportation” impact (16% for A, 2% for B) fol-
lowed by “equipment transportation” impact (12% for A, <1% for B). 
A similar analysis pattern could be observed for the flow indicators. Table 3 presents 
the value of flow impact indicators for both buildings A and B. Figure 8 shows the com-
parison and distribution of categories (life cycle stage) for each flow indicator. 
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Table 3. This table presents flow indicator values for building A and B. 
Flow Category Reference Unit Building A (for 1 m2)   Building B (for 1 m2) 
Consumption of renewable energy resources MJ 3.20 × 101 3.10 × 101 
Consumption of non-renewable energy resources MJ 7.01 × 102 3.79 × 102 
Radioactive waste kg 4.19 × 10−3 2.21 × 10−3 
Hazardous waste kg 3.11 × 101 2.75 × 101 
Non-hazardous waste kg 3.95 × 102 4.11 × 101 
Fresh water m3 9.33 × 10−2 1.23 × 10−1 
In contrast to the impact category indicators, flow indicators applied to both case 
studies were not as uniform. Effectively, some indicators were very similar for both build-
ings, such as the consumption of renewable energy resources with 32.04 MJ and 31.03 MJ 
(respectively for building A and Building B) or hazardous waste with 31.05 kg and 27.48 
kg. However, some indicators had a relevant difference, such as “consumption of non-
renewable energy” and “non-hazardous waste”. To understand those differences, it is 
possible to study the distribution of impacts in the same figure. 
About the distribution of categories, there was a significant disparity between the 
indicators for the two buildings. As it might be expected, asbestos contributed the most to 
hazardous waste and conversely, other waste contributed to non-hazardous waste. The 
lower value for building B in comparison to building A for those two flow indicators con-
firmed the better compactness of B (optimization of floor surface for a same volume of 
building construction). Transport and treatment of other waste contributed a lot to the 
indicator of fresh water (56% for building A and 71% for building B) 
 
Figure 8. Relative impacts and distribution among categories of building A and B for flow indicators for buildings A and 
B. 
For the scale of the demolition site, it can be concluded that the impact of a demolition 
site can vary a lot depending on each case. This major difference could be linked mainly 
to compactness of the building or the functionality efficiency. Nevertheless, for the envi-
ronmental impact indicators, the distribution was similar between the two case studies. 
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The most impacting elements were the treatment of waste produced by the buildings (in-
cluding asbestos), followed in parallel by the use of energy for the construction machinery 
and, to a lesser extent, the transport of staff and equipment. 
4.3.2. Scale of the Aggregate and Hotspot Analysis and Identification of the Most  
Relevant Life Cycle Stages 
In this part, from the perspective of the aggregate scale, the impact was expressed for 
1 ton of produced aggregate, i.e., the functional unit “to produce 1 ton of aggregate” was 
used (4.2.3). 
Observation on the distribution of the impact between the different categories were 
the same as the end-of-life scale because it is question of ratio (surface of building divided 
by mass of rubble (inert waste which is recycled for aggregate)). Nonetheless, we saw 
previously (at the scale of building’s end of life) that two categories (without counting 
asbestos) had a major impact: “demolition site phase” and “transport and treatment of 
other waste”. To better understand the reason for this, only for impact indicators, the cat-
egory of “demolition site phase” is detailed in Figure 9 as well as the “transport and treat-
ment of other waste”, which is detailed in Figure 10. First of all, for the demolition site 
phase, the main contributor was the consumption of diesel by demolition machinery for 
all impact indicators except for the depletion of abiotic resources (elements). For building 
B, embankment had rather a big impact up to 97% (the depletion of abiotic resources (el-
ements) and at least 24% for ozone depletion. Thus, embankment was not negligible and 
should be counted and precise. 
 
Figure 9. Graph presenting details of the relative impact of the demolition site phase for building A and B for impact 
indicators. 
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Figure 10. Graph presenting details of the relative impact of waste treatment and transport phase impact (not including 
asbestos) for building A and B for impact indicators. 
For “transport and treatment of other waste”, the transport and treatment of rubble 
(inert waste which was recycled for aggregate) were the same for both building (on all 
indicators). Nevertheless, there was some variation due to transportation but that did not 
exceed 5% between the two buildings. It is due to the way our model was constructed (cf. 
Section 4.2.4). However, transportation had a non-negligible impact. Furthermore, 
transport and treatment of other waste varies a lot from one building to another. 
Finally, the impact of aggregates that can be obtained by recycling rubble was com-
pared by focusing on the total impact of aggregates. As a reminder, in a first approach, 
the building end-of-life impact was allocated to the creation of recycled aggregate. The 
impact of the process for the manufacturing of virgin aggregates (this process was pro-
vided by the UNPG (Union Nationale des Producteurs de Granulats/French National Un-
ion of Aggregate Producers)) was added to the comparison as well. Table 4 presents im-
pact indicators for aggregates produce thanks to inert waste from building A and inert 
waste from building B. 
Table 4. This table presents the environmental impact of 1 ton of recycled aggregate made from building A or building B 
and 1 ton of virgin aggregate (ozone depletion for virgin aggregate was not computed in the data). 
Impact Category Reference Unit 
Building A (for 1 
ton) 




Acidification of soil and water kg SO2 eq. 2.43 × 10−1 1.01 × 10−1 4.23 × 10−2 
Ozone depletion kg CFC-11 eq. 7.91 × 10−6 2.64 × 10−6 //// 
Eutrophication kg PO43− eq. 4.66 × 10−2 1.83 × 10−2 1.05 × 10−2 
Photochemical ozone creation kg ethylene eq. 1.22 × 10−2 6.20 × 10−3 5.17 × 10−4 
Air pollution m3 2.13 × 102 8.75 × 101 3.54 × 101 
Water pollution m3 2.99 × 104 1.01 × 104 1.48 × 103 
Global warming kg CO2 eq. 4.59 × 101 1.88 × 101 2.42 × 100 
Depletion of abiotic resources 
(fossil) 
MJ, net calorific 
value 
7.17 × 102 2.80 × 102 3.16 × 100 
Depletion of abiotic resources 
(elements) 
kg Sb eq. 3.67 × 10−9 7.25 × 10−9 5.69 × 10−6 
Note that for the ozone depletion impact indicator, virgin aggregate from UNPG had 
no result due to the fact that it was not calculated for virgin aggregate by UNPG; conse-
quently, we cannot compare this process with others only for this indicator. This indicator 
was maintained in the study in order to compare recycled aggregates between them. 
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Figure 11 illustrates the relative impact of these aggregates. Therefore, aggregates 
had a big difference in impact. Aggregate from building A had the bigger impact in all 
impacts indicators (except for the last indicator: depletion of abiotic resources (elements)). 
Aggregate from building B was approximately 70% less impacting (min 60% for the pho-
tochemical ozone creation impact indicator; max 75% for ozone depletion impact indica-
tor). However, these two processes for the production of recycled aggregates are much 
more impactful than the process of producing natural/virgin aggregates according to 
UNPG. Indeed, virgin aggregate was at most at 23% of aggregate from building A (Eu-
trophication impact indicator) and almost 0% (0.004%) for depletion of abiotic resources 
(fossil). The only indicator where virgin aggregate was preponderant was the depletion 
of abiotic resources (elements). This may be due to the consumption of raw material. 
 
Figure 11. Graph presenting the relative impact of 1 ton of aggregate for three type of aggregates: the first one is recycled 
aggregate from building A, the second is recycled aggregate from building B, and the third is virgin aggregate (data from 
UNPG). 
Observations concerning flow indicators were different. Table 5 presents the value of 
flow indicators and Figure 12 shows the relative value for flow indicators of the three 
aggregates. Results were more clear-cut; for all indicators, 1 ton of aggregate from build-
ing B was less impacting than 1 ton of aggregate produced from building A (from 27% 
improvement for consumption of renewable energy to 93% of improvement for non-haz-
ardous waste, except for fresh water where the value was roughly equivalent). Virgin ag-
gregate appears to have a better result except for fresh water where it is much more im-
pacting. However, it is important to keep in mind that the impact of the production of 
recycled aggregates is highly influenced by the end of life of a building. A sensitivity anal-
ysis will be conducted in Section 4.3.3 for impact indicators. 
  
Sustainability 2021, 13, 9625 17 of 27 
 
Table 5. This table presents flow impact indicators of 1 ton of recycled aggregate made from building A or building B and 
1 ton of virgin aggregate. 
Flow Category Reference Unit Result Building A Result Building B Virgin Aggregate 
Consumption of renewable energy re-
sources 
MJ 3.48 × 101 2.53 × 101 0.00 × 100 
Consumption of non-renewable energy re-
sources 
MJ 7.62 × 102 3.09 × 102 2.89 × 101 
Radioactive waste kg 4.56 × 10−3 1.80 × 10−3 0.00 × 100 
Hazardous waste kg 3.38 × 101 2.24 × 101 0.00 × 100 
Non-hazardous waste kg 4.29 × 102 3.35 × 101 0.00 × 100 
Fresh water m3 1.01 × 10−1 1.00 × 10−1 2.91 × 100 
 
Figure 12. Relative flow indicator impact of 1 ton of three types of aggregates: recycled aggregates from building A, recy-
cled aggregates from building B, and virgin aggregate. 
To sum up the observations and the analysis about the scale of aggregate, results 
reinforce the difference and the environmental interest of building B compared to building 
A for all indicators, especially if there are no embankments involved in the demolition 
site. The difference of the impact is mainly due to the relative quantity of other waste 
(compared to the quantity of rubble) and the use of fuel for demolition equipment. When 
virgin aggregate is added to the comparison, we observe that benefit of recycling is not 
obvious because virgin aggregate has the lowest result for the main indicators except for 
depletion of abiotic resources (elements) and fresh water. One main benefit of recycling 
seems to be the preservation of resources. However, until now, all buildings’ end of life 
impact is allocated to the production of recycled aggregates but this choice has a conse-
quence on the total impact of a building during all the life cycle. Indeed, that is to say that 
impact of the previous building is reduced. 
In view of these results, some remarks and discussions should be considered. First of 
all, this study presents interesting facts about the end of life of buildings. It is possible to 
say, especially, that environmental impact varies a lot in function of the building. This can 
be due to the construction and demolition method, the typology of the building, building 
size, etc. Hence, in a circular economy perspective where the end of the service life of a 
structure/infrastructure is not the end of matter life, to know the impact of demolition is 
essential. Based mostly on primary data, this study gives precise data about demolishing 
for a specific site. Nonetheless, the LCA (life cycle assessment) could be improved and 
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updated by using and creating more specific Ecoinvent® processes in order to have even 
more thrust in environmental results. 
Another aspect of the study was to have a complementary vision of building waste 
and more exactly of inert waste from a concrete structure. Articulation between the pre-
sent cycle and the following cycle during a recycling operation was approached. It is a key 
point of circular economy. Indeed, in the circular economy paradigm, the waste of some 
objects makes the resources of others. Consequently, some impact of the previous cycle 
should be taken into account. A sensitivity analysis is carried out in Section 4.3.3 in order 
to better understand allocation approaches. Furthermore, in the study, to simplify, inert 
waste is the only material considered produced from the demolition of those buildings, 
but other waste can be recycled so further study needs to take into account allocation be-
tween co-products. 
To complete, this work is a basis for decision makers and researchers who work on 
circular economy and recycling. It adds clues to make the decision of demolishing or to 
compare with the rehabilitation and renovation. Future research could be conducted to 
compare with rehabilitation or other valuation methods like reusing. Future research can 
be also done to optimize the impact of end of life by improving the more impacting cate-
gories shown during this study (such as transport, engine use, etc.). 
4.3.3. Sensitivity Analysis on Different Allocation Approaches 
In Section 4.3, recycled aggregate seems to be more impacting than virgin aggregate 
for almost all indicators. This could be linked to the allocation of the impact of the end of 
life. Consequently, to understand this phenomenon, a sensitivity analysis on allocation 
approaches was conducted. Three scenarios of allocation are presented in Table 6. For all 
scenarios, the transport and treatment of rubble (inert wastes which permits to make ag-
gregates) was allocated to recycled aggregate because it is directly attributable to it. None-
theless, it could be discussed. Consequently, the impact of other elements was shared. 
Elements were staff transportation, equipment transportation, asbestos treatment and 
transport, demolition site phase, and transport and treatment of other waste (without rub-
ble). 
Table 6. Table presenting share of impact allocated to the building deconstructed and to the recycled aggregate for three 
allocation scenarios. * Impact of end of life of building without transport and treatment of rubble. 
Allocation Ap-
proach  
Part of the Impact Allocated to the Building De-
constructed  
Part of the Impact Allocated to the Recycled Ag-
gregate 






Transport Of Rubble 





0/100 0% 0% 0% 100% 100% 100% 
50/50 0% 0% 50% 100% 100% 50% 
100/0 0% 0% 100% 100% 100% 0% 
Impact indicators for all scenarios were computed. Flow indicators were not meas-
ured. Effectively, previously, we observed that the virgin aggregates had a zero value for 
a lot of flow indicators. Consequently, virgin aggregates are not competitive for recycled 
aggregates when flows indicators are analyzed. Normalized results are presented in Fig-
ure 13. On this graph, 0/100 scenarios are in plain color, 50/50 scenarios are hatched, and 
100/0 are cross-hatched. Virgin aggregate is in black if available. 
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Figure 13. Relative impacts of recycled aggregate production for three allocation scenarios (0/100, 50/50, 100/0) and impact 
of virgin aggregate. For ozone depletion, the impact of virgin aggregate was not measured. For the depletion of abiotic 
resources (elements), the values of recycled aggregates were too low to be compared to virgin aggregate. 
Different observations occur. First of all, as highlighted in a previous part (Figures 9 
and 10, concerning detailed impact), all elements cannot easily be allocated to account for 
the main impact for all indicators. Hence, transport and treatment of rubble only ac-
counted for 4% to 10% of total impact for building A (more exactly, 4.22% for photochem-
ical ozone creation and 10.3% for ozone depletion). Moreover, as this part is specific to the 
functional unit (to produce 1 ton of recycled aggregate, 1 ton of rubble is needed), for 
building B, as the total impact was less than building A, the proportion was higher (9.7% 
for photochemical ozone creation and 29.85% for ozone depletion) except for the last in-
dicator “depletion of abiotic resources (elements)” where the order was reversed between 
building A and B. To sum up, the more impacting the building’s end of life, the more 
interesting the approach of 100/0 is for the creation of aggregate. 
A second observation is that the production of recycled aggregates became competi-
tive for some indicators with the 50/50 (only building B) and 100/0 (both building) alloca-
tion approach. For example, for eutrophication, the impact of recycled aggregate from 
building B was the same as virgin aggregate i.e., 22.6% (of building A aggregate which is 
the max impact). For scenario 50/50 of building B, 1 out of 8 indicators (ozone depletion 
was excluded) was lower than virgin aggregate (the depletion of abiotic resources (ele-
ments)) and 3 out of 8 indicators had less than 10% (of the max impact) difference. For 
scenario 100/0 of building A or B, 4 out of 8 indicators were lower (more than 10% of 
difference) than virgin aggregate and 4 out of 8 were quite similar (less than 10% of dif-
ference). Consequently, the aggregate with scenario 100/0 seems to be very competitive to 
virgin aggregate. Nonetheless, for the indicator of global warming, virgin aggregate is still 
less impacting than recycled aggregate (5.3% of max impact for virgin aggregate and 7.7% 
for building B with allocation 100/0). Therefore, the interest of the multicriteria aspect of 
life cycle assessment is highlighted. 
Concerning those observations, in terms of LCA, the allocation approach has no real 
influence on the impact of the entire life cycle as long as the same allocation for construct-
ing and demolishing the building is used for the same hypothesis. Indeed, impact is just 
postponed to cycle “n + 1” or applied to cycle “n”. The multistage aspect of LCA should 
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be kept in mind. However, allocation approaches are not useless from a political or deci-
sion-making perspective because they will make it possible to put processes in competi-
tion and thus see the development of new and perhaps more environmentally virtuous 
processes. For the recycled aggregates production, several points of view can be men-
tioned to justify the different allocation methods (as a reminder, all allocation approach 
consider rubble as the only product of demolition): 
 0/100 approach: With this kind of method, demolishing buildings is prompted (only 
by integrating avoided impacts) in order to produce recycled aggregates. However, 
the big impact of the recycled aggregate is not encouraging the use. Thus, this ap-
proach could be relevant to limit the act of demolishing and limit new constructions 
as it is joined with regulation of the extraction of virgin aggregates. 
 50/50 approach: This method is a compromise between the previous and the follow-
ing approaches. It fairly distributes the impact of demolishing on the old building 
and the recycled aggregate. This method does not currently permit the promotion of 
the use of recycled aggregate because the impact is still more severe than one for 
virgin aggregate in some demolition site. Nonetheless, it could permit selecting only 
more efficient demolishing. 
 100/0 approach: This approach is the method where recycled aggregate is the most 
competitive. It incites the use of recycled aggregates under the condition that global 
warming is not the only indicator focused on. Nevertheless, it does not limit demol-
ishing. 
Currently, the classical approach is the 100/0. It makes it possible to easily understand 
the environmental conclusion for recycled aggregate in front of virgin aggregate as long 
as there is no incentive to demolish building. Furthermore, with the emerging context of 
circular economy, recycling preserves material resources. 
5. Summary and Conclusions 
This study aimed to give a quantitative evaluation of the environmental impacts of 
recycled aggregate obtained from the construction and demolition waste of a building at 
the end of its life. The analysis was based on two case studies of building demolitions. 
Both case studies involved residential buildings; one small residential building (Building 
A) of 300 m2 of floor surface located in the south of France and a bigger residential (Build-
ing B) of 5487 m2 of floor surface located in the west of France. Life cycle Assessment of 
the two demolition sites was carried out according to primary and secondary data avail-
ability. Building A produced 273 tons and building B produced 6738 tons of rubble that 
can be used to produce recycled aggregates. As rubble constitutes the major proportion 
(in mass) of waste, it was decided to study the production of recycled aggregate from 
construction and demolition waste. Hence, two different analyses were performed corre-
sponding to two different functional units, one measuring the impact of the deconstruc-
tion of 1 m2 of building and the other for the production of 1 ton of recycled aggregates. 
For this study, the software OpenLCA 1.10 and database Ecoinvent® 3.5 were used. 
A comparison was made between the flow indicators and the impact indicators from 
NF EN 15804 + A1. The impacts of the production of recycled aggregates when as resource 
construction and demolition waste are used as resource were compared to the equivalent 
ones of virgin aggregate production, using data collected from UNPG (French National 
Union of Aggregate Producers). The main conclusions are listed below: 
The environmental impacts of the buildings’ end of life vary a lot from one building 
to another with, for example, 23.1 kg CO2 eq. for building B and 42.2 kg CO2 eq for build-
ing A for 1 m2 of floor surface of demolished building, i.e., the value almost doubles for A 
compared to B on the global warming indicator. This seems to be dependent upon the 
typologies of the building, such as the size of the building and other parameters which 
are to be determined. It could suppose an economy of scale. 
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 Concerning recycled aggregate production, the maximum impact was measured by 
allocating all the impacts of the end of life of the building. Comparison between 
building A and building B was similar as for the end-of-life scale (i.e., building B was 
less impacting than building A). For flow indicators, observations were almost the 
same. Impacts of recycled aggregates were higher than those of virgin aggregates for 
all indicators except for depletion of abiotic resources (elements) and ozone depletion 
(this one was not computed for virgin aggregate). Consequently, recycled aggregates 
are not competitive with this allocation method. 
 On both scales, hotspot analysis highlighted that all parts of the end of life were im-
pacting but demolition phase and transport and treatment of waste were predomi-
nant. For example, demolition site phase and transport and treatment of waste both 
corresponded to about 35% for building A and the global warming indicator. This is 
mainly due to fuel consumption of building machinery and transport of waste. More-
over, the big variation of impact between both buildings was due to the quantity of 
other waste (without rubble) produced by demolition. Hence, it reinforces the aspect 
of the typology of the building and economy of scale. 
 Previously, we observed that recycled aggregates are not competitive with virgin ag-
gregates when all impacts of the building’s end of life are allocated to the production 
of recycled aggregates. In order to know at which level of allocation becomes com-
petitive, a sensitivity analysis with different allocation approaches was carried out. 
Conclusions were quite mixed because with the most favorable allocation (which 
consisted of taking into account only transport and treatment of inert waste for im-
pact of recycled aggregate), recycled aggregate was not significantly the least impact-
ing for all indicators, especially global warming. Those observations highlight the 
interest of the multicriteria aspect of life cycle assessment. 
 The optimization of the treatment processes of the C&Dw is a crucial activity within 
an advanced waste management since it was seen that the asbestos treatment is very 
impactful in the hotspot analysis. 
 The optimization of the geolocation of the demolition sites and the treatment plant is 
essential as well. Therefore, the transport stage was also significantly impactful and 
thus, careful planning of the transport routes has to be undertaken before the demo-
lition of any building. 
 It was also shown that the sustainability implications of the demolition of buildings 
and the subsequent production of recycled aggregates using C&Dw under the um-
brella of circular economy is an aspect that is highly location-, context-, and case-
sensitive. 
To conclude, a recommendation to the involved stakeholders and decision-makers 
may be to act on three points. First, before deciding to demolish a building, thought 
should be given to the environmental impact of the demolishing because impact is not 
negligible and it can be even more important depending on the building. Nevertheless, 
other criteria may weigh in the balance. Second, if demolition is not avoidable, it is neces-
sary to act on the organization of the site and the optimization of transport and consump-
tion of building machinery. Finally, using recycled aggregates is not necessarily the best 
solution depending on the indicators (especially global warming). However, it could have 
significant advantages on some indicators depending on the allocation method. 
As a future perspective, this study is a base on which further reflection about other 
ways of recovering waste, such as reusing, can be developed. The study gives clues about 
allocation approaches from one cycle to another and warrants deepening the reflections 
when there are co-products. 
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Appendix A. Life Cycle Inventory of Process of Recycling Aggregate, of Building A 
and Building B 
Collection of data was realized thanks to an Excel document. This document con-
tained multiple tabs: generalities about worksite, worksite construction, wastes, materials, 
building machinery, equipment, persons transport, and site facilities. All tabs were com-
posed with a table regrouping the data needed. Figure A1 present an example of this table 
for a person’s transport. The Excel document was completed by demolition companies. 
 
Figure A1. Screenshot of the Excel document for collection of data. This picture presents data 
needed for a person’s transport. 
Appendix B. Information about Collection of Data 
Table A1. Inventory for the process of transformation of one ton of rubble into recycled aggregates. 
Ecoinvent®-Flow Name Quantity Information Provider 
diesel, burned in building machine 2.75 MJ Loading into crusher Cutoff, U—GLO 
tap water 67.7 kg 
Flotation separation and wash-
ing 
Market, Cutoff, U—Europe 
without Switzerland 
transport, freight, lorry > 32 metric 
ton, EURO4 
0.1 t.km Internal transport Cutoff, U—RER 
electricity, medium voltage 1.5 kWh For all stage needing electricity Market, Cutoff, U—FR 
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Table A2. Life cycle inventory for all categories of the end of life of building A. Quantities are for a whole building. 
Asbestos, Transportation and Treatment 
Ecoinvent®-Flow Name Quantity Information Provider 
hazardous waste, for underground 
deposit 
9 t Treatment of asbestos waste Cutoff, U—RoW 
transport, freight, lorry 16–32 met-
ric ton, EURO5 
2295 t.km Transport of asbestos waste Cutoff, U—RER 
Waste, Transportation and Disposal 
Ecoinvent®-Flow Name Quantity Information Provider 
inert waste, for final disposal 112 t 
Treatment of all waste except 
inert waste which could be re-
cycled 
Cutoff, U—RoW 
process of treatment (Table A1) 276 t 
Recycling treatment for Inert 
waste 
 
transport, freight, lorry 16–32 met-
ric ton, EURO5 
4125 t.km 
Transport of waste to treatment 
plants 
Cutoff, U—RER 
transport, freight, lorry 7.5–16 met-
ric ton, EURO5 
4635 t.km 
Transport of waste to treatment 
plants 
Cutoff, U—RER 
Demolition Site Phase 
Ecoinvent®-flow Name Quantity Information Provider 
diesel, burned in building machine 49,466.3 MJ Use of construction machinery Cutoff, U—GLO 
tap water 500 kg 
Water consumption during 
demolition site 
Market, Cutoff, U—Eu-
rope without Switzerland 
Equipment Transportation 
Ecoinvent®-Flow Name Quantity Information Provider 
transport, freight, lorry > 32 metric 
ton, EURO5 
14,792 t.km Transport of heavy machinery Cutoff, U—RER 
transport, freight, lorry 16–32 met-
ric ton, EURO5 
1514.088 t.km 




Ecoinvent®-Flow Name Quantity Information Provider 
transport, passenger car, medium 
size, diesel, EURO 5 
2580 km 
Transport of staff including 
staff for asbestos removal 
Cutoff, U—RER 
transport, passenger car, small size, 
diesel, EURO 5 
1332 km Transport of staff Cutoff, U—RER 
transport, passenger train 720 p.km Transport of staff Cutoff, U—FR 
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Table A3. Life cycle inventory for all categories of the end of life of building B. Quantities are for a whole building. 
Asbestos, Transportation and Treatment 
Ecoinvent®-Flow Name Quantity Information Provider 
hazardous waste, for underground 
deposit 
146.08 t 
Treatment of asbestos 
waste 
Cutoff, U—RoW 
transport, freight, lorry 16–32 metric 
ton, EURO4 
3229.4 t.km 
Transport of asbestos from 
building 
Cutoff, U—RER 
transport, freight, lorry 16–32 metric 
ton, EURO4 
1130.08 t.km 
Transport of asbestos from 
asphalt 
Cutoff, U—RER 
Waste, Transportation and Disposal 
Ecoinvent®-Flow Name Quantity Information Provider 
inert waste, for final disposal 155.92 t 
Ordinary industrial waste 
which is landfilled 
Cutoff, U—RoW 
transport, freight, lorry 7.5–16 metric 
ton, EURO4 
1247.2 t.km 
Transport of ordinary in-
dustrial waste to treatment 
plant 
Cutoff, U—RER 
wood chips, from post-consumer 
wood, measured as dry mass 
51.04 t Treatment of wood 
treatment, sorting and 
shredding Cutoff, U—RoW 
transport, freight, lorry 16–32 metric 
ton, EURO4 
468.07 t.km 
Transport of wood to the 
treatment plant 
Cutoff, U—RER 
waste reinforcement steel 45.84 t 
Treatment of shear iron 




transport, freight, lorry 16–32 metric 
ton, EURO4 
435.48 t.km 
Transport of shear iron and 
cast iron 
Cutoff, U—RER 
process of treatment (Table A1) 6738 t 
Recycling treatment for In-
ert waste 
 




Transport of inert waste to 
recycling plant 
Cutoff, U—RER 
Demolition Site Phase 
Ecoinvent®-Flow Name Quantity Information Provider 
diesel, burned in building machine 353,398 MJ 
Use of construction ma-
chinery 
Cutoff, U—GLO 
gravel, crushed 20.89274 t Consumable 
Gravel production Cutoff, 
U—RoW 
transport, passenger car, large size, 
diesel, EURO 4 
2164 km 
Transport of consumable 
(other than gravel) 
Cutoff, U—RER 
transport, freight, lorry 16–32 metric 
ton, EURO4 
115.417 t.km Transport of consumable Cutoff, U—RER 
electricity, medium voltage 29,639 MJ 
Electricity used during 
demolition site 
Market, Cutoff, U—FR 
tap water 37,000 kg 
Water consumption during 
demolition site 
Market, Cutoff, U—Europe 
without Switzerland 
gravel, crushed 2522.22 t For embankments 
Gravel production Cutoff, 
U—RoW 
transport, freight, lorry > 32 metric 
ton, EURO4 
27,514.4 t 
Transport of gravel for em-
bankments 
Cutoff, U—RER 
transport, passenger car, large size, 
diesel, EURO 4 
57 km 
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Ecoinvent®-Flow Name Quantity Information Provider 
transport, freight, lorry > 32 metric 
ton, EURO4 
840 t.km 
Transport of heavy ma-
chinery 
Cutoff, U—RER 
transport, freight, lorry 7.5–16 metric 
ton, EURO4 
67.8 t.km 
Transport of medium ma-
chinery 
Cutoff, U—RER 
transport, freight, lorry 3.5–7.5 met-
ric ton, EURO4 
53.6556 t.km 
Transport of light machin-
ery 
Cutoff, U—RER 
transport, freight, lorry 16–32 metric 
ton, EURO4 
4415.77 t.km 
Transport of heavy ma-
chinery 
Cutoff, U—RER 
transport, freight, lorry 16–32 metric 
ton, EURO4 
188.6 t.km 




Ecoinvent®-Flow Name Quantity Information Provider 
transport, passenger car, large size, 
diesel, EURO 4 
6268 km 
Transport of staff for vari-
ous services 
Cutoff, U—RER 
transport, freight, lorry 16–32 metric 
ton, EURO4 
45.475 t.km 
Transport of staff for vari-
ous services 
Cutoff, U—RER 
transport, freight, lorry 7.5–16 metric 
ton, EURO4 
47.6 t.km 
Transport of staff from en-
terprise to site 
Cutoff, U—RER 
transport, passenger car, large size, 
diesel, EURO 4 
3934 km 
Transport of staff from en-
terprise to site 
Cutoff, U—RER 
transport, passenger car, small size, 
diesel, EURO 4 
812 km 
Transport of staff from en-
terprise to site 
Cutoff, U—RER 
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